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(54) NEGATIVE DISPERSION OPTICAL FIBER AND OPTICAL TRANSMISSION LINE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a negative 
dispersion optical fiber, etc., capable of compensating 
the wavelength dispersion of a positive dispersion optical 
fiber by a short length in a signal light wavelength band. 
SOLUTION: As for the negative dispersion optical fiber, 
in a wavelength 1,550 nm, wavelength dispersion D2 is 
<-150 ps/nm/km, the ratio of the dispersion D2 and a 
dispersion slope S2 (S2/D2) is >2.0x 10-3/nm and <4.7 
x 10-3/nm, and an effective cross-sectional area is >12 
[im2 and <25 //m2. The negative dispersed light fiber has i 
a center core area (a refractive index n1, a diameter 2a) 
including the center of an optical axis, the first clad area 
(a refractive index n2, a diameter 2b) surrounding this 
center core area, the second clad area (a refractive 
index n3, a diameter 2c) surrounding this first clad area 
and the third clad area (a refractive index n4) 
surrounding this second clad area in an order from the 
center of the optical axis. The large/small relation of the 
refractive indexes of the respective areas is n1>n2, 
n2>n3 and n3>n4. 
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(57) [Sift] 

[fi?lfc^©:] A»tfc3t7 r -f '<!*» SH 5 5 0 nm 
ICJSV^T. ttJMMfcD.tf- 150ps/nm/km« 

/D a ) 7i5 2 . 0X10-VnmKi4. 7 X 1 O" 3 / 
n m«Ttfc 9 . S3b*nBfttf 1 2 /x m 2 «± 2 5 u m 2 

in.. b) fc. :©S1^7J' K«***9 

r»2^yH« (JB«f*na, M2c) Z 
<0» 2 * 7 y KffitffclJl 9 Htrl? 3 * 7 y K«« (Stff 

>n2, n2<n3, n3>n« 
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[#8«9#<oS6ig] 

j5-,1.5.0p s/nm/kmKK-fc!), iS*^ScDt 
^■ft^n-ys tOtfc (S/D) *s 2 . 0X10" 3 /n 
m«±4. 7 X 1 0 "V n mtlTffc •) « 

i 2iim 2 «±2 S/im'^Tfcsritr^mt-rsA 

[fS#JS2] llME»ft»*Das- i 8 0 p s/nm/ 
k w t SrWKfc-*- Sit** 1 l£«tw*#» 

[l§#«3 ] fIiail«lST®ai4 s 2 0 y m 2 *8§-C-£>5 

[f1t5j4 J B4 ] ffitlc 1 5 5 0 n mlCjoV^'C. 
Ai-2 00 ps/nm/km«TT?fc»), &A#gScDi 
#&;*.n-:7*Si:<Dtfc (S/D) ^2. OX10 _3 /n 
mKi4. 7X 1 0- 3 /nm«Tt-fc5r k*W&b1r 

[lf*JS5] StjfStfc (S/D) V2. 7X10" 3 /n 
m y±4. 0 X 1 0 ' V n m WT tfeS r i: Srfigit 1 1 
5fg*3Sl*fcl±4(Cf£«t(75^^ilc3fe7T-)'^<. 20 

[ff*Jl6] 0 M mW±2. 0 

M m WTT-fo 5 ^ £ t f 5 1 * fcli 4 te« 

t!S:*JS7] i^f 1 5 5 0 nnxlC:fc»73ei£»*d s 
1. 0 d B/k mWT-C-fo5 r t Sr^t t5ll*« 1 

lifr#JS8l Ml 5 5 0 nmtddoltseil^* 5 
0. 7 dB/kmaT-C'*>5^i5: ! t#85:t-r5l§*«7 

v^2roS5r^Sr*-*-5Bl ^7 y K®i£i, 
;©gl^77 Kffi*&&9H*BfTffi£2<0JBlfri?s.fc 9 

-W^2^7-y KtB«5rft*?0i^9fJiam3(O®*T^«t9 
[!S!#gU0] HtflEm3 0BW^SrS^t Utit® 40 

mwp-t-='Tmm<Dit!BiRmmt i 1 . 8%w±3. o% 

[IgsfcJRll] l£S 1 5 5 0 nmlCiJl^T, 
75* + 1 5 p s/nm/kmtil+ 2 1 p s/nm/ km 
ti.TT*fo"9. #l£Sc*o— 0. 05 p s/nm 2 / 

kmWJi+0. 07ps/nmVkmaTtfc5IE^ 

ftS 1 5 5 0 n mtC&V^ iSg^SfcD^- 1 5 0 p s 
/nm/kmWTT-fot) . SS»iDi^S^n-7"S 50 
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i<Difc (S/D) 25*2. 0 X 1 0- 3 /nmti±4. 7X 
10-Vn mWTT'ifo "9 , HS&ISrE^ 1 2 y m 2 «_t 
2 5 y m 2 *^-C-fe5A»-St3t7T-Y^t/i J ^$ix-C 

5 d t z &m t -t 5 fteatss. 

(fi3R«12] KS1 5 50 nml^V^, iSS^St 
# + 1 5 p s/nm/kmW±+ 2 1 p s/nm/ km 
KAT-C-fc^ #ftfc*n — ^zJS+O. 05 p s/nm 3 / 
km«J:+0. 0 7 p s /nmVkmglTt-fc5iE^ 

i£g 1 5 5 0 n mlC*3V^-C, j£S#F&D75S- 2 0 0 p s 
/nm/kmKTT?*)!), SS^Di^S^n-/S 
ttoit (S/D) 2552. 0 X 1 0-'/nmW4. 7X 
1 0- 3 /nmWTT-fc5*^t!c3t7r-r^t7i i ^*iT' 

x tt -s r t £ t -r s ytmmi&o 

[SM13] SfiSil 5 3 0 nm~1 5 6 0nm 
td*3ttS^ffro3pJ*j(75&^tfcO(lS7ii0. 5ps/n 
m/kmtJlT-efo5r t^tSt-r^ft^l 

1 2»C|£«fec03te«K. 

[Ii*3gl4] iSffi«1 4 5 0nm~1 560nm 
(Cjo«tS^CD^C0&^t5:O{SSz5S2. 0 p s/n 
m/kmWTT-foS^ t^jati-5ft*JSl 1 *fctt 
1 2 l£f2tt<?33t{2i£S&„ 

[fS*JS 1 5 ] iK^w^c 1450nm~1610nm 
(Cfc-ltS^^W^^JOiS^^SiCfO^MTJM. 0 p s/n 
m/kmWT-C-fc.5^t^mt-r5li*3Sl 1 £fcl* 
1 2 »Ci5iS<05t^SS. 

[fij^l 6 ] Efff«1 4 50nm~16 10nm 
[Z*>rtZ>-£.ft<?)¥-%3<Dmg:-frWt<r)Ug.1> i 2. 0 p s/n 
m/kmarr-fc-SC t?r#jSi:-t-5ff*«l 5IS«W 

[000 1] 

5. 

[0 0 0 2] 

ftH^tfes. -jsfcjte^ssi: Ltst^ns^ 

^7t7 r W 1 - 5 5 y mttiat?*'b 

t*5. 5 5 m mMiS^fS #3tSr*i#*I 

t5Ci^#5E r7E3H»ai*7T-f^*l«* (ED 
FA: Erbium-Doped Fiber Amplifier) tfMR<t£ft>X 

^•5. -t^r-, «*3teo»*#*fcu-cc'<i'K (a* 

S«1 5 3 0 nm~1 5 6 0nm) ^JCfflV^ixT^ 
5„ ifc, ifi«F-Cli, 1 • 5 8 tx m(i-iS<?5(f -§-7t^ 



( 
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L'O K 1 5 7 0 n m~ 1 6 1 0 n m) 

l;g^$r[15^(c x S/<VK (ffig^FSE 1 4 5 0 n m~ 
1 5 30 nm) £ tfflV^ - t i«»ftSnTV^, 
[0 0 0 3] 4fc, &S#fi (WDM: Wavelength Div 
ision Multiplexing) v-Xf -Mi, S^^K, C 

Sfi{k^*je,t,ttr*5*), :<o:i», #ei£8S<7>:£ 10 

CO 0 0 41 Lri>U *ea5*t U-Cii*fflV^€>lx5* 

flHtttlft^X^A^fr— K*77-f^tt. iSf 1. 55„ 
m(C«tt5jS^Sfe!45+ 1 6 p s/nm/km~+2 1 
ps/nm/kmtSffoS. Kft 1 . 5 5 y m 

«-ifiK*»***«r 5 rr5*»»*5'7 h367r-f'< 20 
tt. ttft 1 . 5 5^ m{Cjo{t5KS^I5c^+ 2 p s /n 
m/km~+ 1 2 p s/nm/kmggffcS. 

[0 0 0 5] COJ: 9^&ft»Si>4 5 jE-C-fo-53t7r'i'^'< 
(CtTCtt rjE^tfcjt^T'f^j iff*. ) <o^£/8v> 

a»©*»0**»1S«>IMf«[tr/h*< U r*ifcH0 

[0006] rcoj; ? r -< '<-\±, mz.tz. 

ftWW-G - 1 1 6 2 0#^a. #BH¥8- 1 3 6 7 5 8 

J:V»H|3P8 - 3 1 3 7 5 0 t'O&'A 40 

*CBII*£*vCV*$<fe, ©Settle fcieitSixTV* 

3. 50 
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[0 0 0 7] i 5 AfltftKHt. l6*OA»»*7 7'f^ 
(i. ^'I^tf. t>&=Tfcm<Dft-&2 a AS 3. 2ymT-fc 
9 . 31 1 ? 7 K«t#©*Mg 2 b /45 8 . 1m mt'fc5. 

fl^'73' KtB«<OJtJB9f*S6A 2 *s-0. 3 5%T-fo 
•5. r.«Oft^-Sfc5t7ri'^«OKSl 5 5 0 nm(C*3(75 
Ktttttt. KS^-tiCyiS- 8 8 p s/nm/km-CfoO, 
^•ffc^n-^-O. 1 9 p s/nm 2 /km-C$>iJ> 
HSb»fSSI* s 1 6 . 2^^!), ilf!2 0mm$ 
■CWffilf jg^J* 5 6 d B/mt-fc "9 , fiil&a*^ 0 . 3 9 
dB/kmT'fcO, ifc. K^SS (g£2mC9 
3t7r-f^<?r^Sl 4 OmmW< 10#*oltfctt 
mX'tDL Pn^e— K<7>* y 3J*0. 74ym 

[0 0 0 8] jE#**7 7"< , '<H:. «*1 5 5 0 

nmiC&^X. «X.tf, + 1 7 p s/nm/ 

kmt-Ji!), ^tfc^n-7*j5i+0. 0 5 7 ps/nm : 
/kmt-fc5. r©E»t3t7 7-f ^'<OSSiS8 0 km 

Jt77-f^lll5. 9 kmWSS^i&St&S. 
[00 0 9] 

±EO«1?ll, ^t3t7 7^'<ia9fl^ 
(i6. 2 d B Sit, A»tt3t7T-r^ 

7. 2 d BSSt^W^^tftS. 
[0 0 10] ±IEW0iJ(OlE^t!c3t7r'r/<i:^^ 
»3t 7 r -f t A S S^ ^ ftti fife $ ix 3 JteeaSK0>£#: 
»¥«S»*»IIWHtlt, 0 l 5 (c^-T <t p tc % l 5 

< t£*>. K*^r^cl 5 3 0 nm~ 1 5 6 0 nmli^JIt^ 
(**tt-*'MI) 1*0. 68 ps 
/nm/km-Cfc 1 ?, K*^«c 1 4 5 0 n m~ 1 5 6 0 
nmlwt3lt3¥*9fflE*^»0<SSJi3. 70ps/nm 
/kmt-fcD. KS««cl 4 5 0 nm~l 6 1 0 

nmfc*il7 5¥i&ttft#*W>fflStt4. 18ps/nm 

[0 0 1 1 ] **9JI4, ±ffilBIHjS«r«PiB-*-5A«c<c* 
77^'<, *i«fcU\ r(Dft^77^^^WDM 
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[0012] 

y 1 5 5 0 nmlCJol/^T, i£ft#tfcD/4S- 

150ps/nm/k m«T (<£ 0 #Slwl±- 1 8 0 p 
s/nm/kmWT) "C-fot), i£S#«iCD t#&* a- 
7*Si:<Olt (S/D) #2. OX 1 0-VnmS*.L4. 
7X10 "V n mJ&LT ffc 9 » H#i»rE*8a J 1 2 m m 2 
W± 2 5 „ m 2 *$j U9#SI-te2 0j2m 2 *ti£i) X-fc 

200ps/nm/k meiT"Cfo "9 » igg#8fcD £ 
^.d— T'S k<Mt (S/D) #2. OXlO-'/nma 
±4. 7X10-VnmWTT*fe5Ct^tStt5. 
[00 13] -<7>:&#»#7 7W'<<a»£5HftDa*/h£ 

^■C. A$Mft*7 y << '<©« $ tfc&'hS <t5:i 

tfc (S/D) #2. 0 X 1 0-Vnm«-h4. 7 20 

mm&6 o%~i 4 o%m«(-^ , j, ^tu^o. *e 

*-*/]**) £/h$<-f S-t^-CtS. *SM» 
SS(0! 12m m a £i-hT-fcHI4\ &&<01><0 1 WmMV, 

tt5. ItSftWBa** 2 5 (i m 2 *^ U"9 

»igici42 o ^m 2 *fS) r-fcfttf. «»rot><z>* s *fr 30 

[0 0 14] #^(c{S5A5Hgtft7y^'<l4,. 
fcfc (S/D) #2. 7 X 1 0 -3 /nmW±4. 0X10 

o-^ffiflS^a 5 8 o %~ i 2 o o . r 

[0 0 15] Sfc* *»WC«5A»8*7 7'f'<l4. 
# •;/ h^iSSri* 1 . 0jima±2. 0 m mti.T'C-fcS 

A If $ < -f 5 - t *«"C # 6. 

[0 0 16] Sfc, **WIC«5*»**7tW^<»4. 
i$Sl 5 5 0 nmKJ3«t5ejS«5fe* 5 l. OdB/km 
(«t <9»jS»C»40. 7dB/kmHT) Vhi^t 
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[0 0 17] *fc. #*WlC«5**MK3t7T'f'<tt. 
(1) Jfett+'C"*^^ 1 wffitff^Sr^-f S^'L^T^ 
t, (2) c»«|»^3TtW(E*r»9H*JBiro«Sr*J:9 
/h*v*l2©JMf»Mr*i-*fIi**5' KfWfc. (3) 
;«3fl^7? K®«cSrH'9ia^2(73®*f^«t , 5^t 

J2^7? K®*££& , 3i2*fS3<7>ei^«fc , ?/h£v>3S 
4<7>®tff^Sr ; A-t" ; 5^3^7y KWitttS-tt 

1. 8%JS-b3. 0%WT-Cifo5<oaS»5S 

[0 0 18] ^|g^(c#.53te^SSli« **1 5 5 0 n 
mfc*JV v CttJWMBW s + 1 5 P s/nm/kmEUr+ 2 
lps/nm/kmBTt-fcO^n-^+O. 0 
5ps/nm 2 /kmWi+0. 07ps/nm :! /km 

tWHIk* o -yioZUj&'b * v> (iff *a«*-Clft*Mt** * 

ig*««cl 530nm~l56 0 n m»c*J»t 54*©? 
*£J<73^S»»^>^* 5 0. 5ps/nm/k mBTC* 
0 . tSS^iSic 1 4 5 0 n m~ 1 5 6 0 n mlCiJtt^^tf 
(DiFiSoKft^tiC^il^j!' 5 2. Ops/nm/k m«7 
T-fc 9 . &*««c 1 4 5 0 n m~ 1 6 1 0 n mIC 

*jlt5^ro#*&Wftft^85:WfiSS* J 4. Ops/nm 
/kmBT (iO»S(CJ4 2. Ops/nm/kmW 
T) T-fo5 0 
[0019] 

[0 0 2 0] Bill. *^*S^fli«c#.55teiMSI 1 
»«*a-C*>6. rrojte^SSlli. Kfil 5 5 0 nm 

Kft 1 5 5 0 nm(Cfe^Tigi^BfcA s *Xfc^**^ 
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5o -#1^ 7 7"f '<2 Ofcit^TA^Jfe 7 

T1'/<1 Ottll^lllr®Sa s 'h£v^-^ UsIWe*^* 
038££8lSii|-r*&lC. flr*#ttjE5M**7T'<'<2 0 
££86 K r -f '< 1 0 ^teW* 5 
finite 5. 

[0 0 2 1] jE*Hft*7T-f><2 0«U -*C*I«KI« 

»V»T**»ltD jiJ+lSpi/nm/k mtt±+ 2 10 
1 ps/nm/kmaKM, ^n-^S.iH 
0. 05ps/nmVkmKJ:+0. 07ps/nm 2 

r ^<2 0 fcitJ»af«SixT«t»ttKlllHw*»*iT'"C'' % "C 
J: v * U =» W A-tfcK:£a»*v* i?*—Mk £ ixT I'Mli 

/< 1 0 *«3E»1R*7 r W /< 20 tt ticf «KW^«ffl: 

[0 0 2 2] :©*»»*77'f' < l 0f4, **1 5 5 
0 n mlCJoV^-C. &S#SfcD 2 as- i 5 0 p s / n m/ 
kmSIT UJffilKtt-l 80p s/nm/km£l 
T) -C-foD. ttJHHftD.iSMS^n-^SafcOH: (S 
2 /Da) *5 2 . 0X10-VnmBi4. 7X10-/ 
n mWTt-fc 9 . *g!)»r®«* s 1 2 p m*£X± 2 5 y m 2 

*we*>5. *v^*±, :onm77'f/<i Of*, tt 

51 5 5 OnmlCJoV^. tt*5MRD a *«- 2 0 0 p s 30 
/nm/kmjy.T-Cfc!J, ttS^fifcD 2 t»«^o-^ 
SafcWtfc (S a /D.) #2. OXlO-'/nrntU: 
4. 7X10"VnmglTt-fe5. 
[0 0 2 3] tt£#»D 2 as/J>£v> («F*»t*"Clft»*: 

1 0<Z>S£ttSr/h£<-r5^ fci«T»#SWC, iteatss 

D 2 ) #2. 0 X 1 0- 3 /nmtl-h4. 7 X 1 0" 3 /n 
mSkT-CkM* o-y«{S^n f*6 0%~ 1 4 40 

0%eSfcfcS. ±9#3tcdu it (s 2 /d 2 ) ^2. 

7 X 1 0- 3 /nm«l4. 0 X 1 0- 3 /nm£lT-C-folx 
If, a — T'Mtft^ 7, (± 8 0 %~ 1 2 0 %SflEfcfc 

5] »«^n-7-««^T, (%) 11. 

r, =100X(S 2 /D 2 )/(Si/D.) -(1) 

?W)WWtr#i:**<t6: fc*s-e#, «#Jttt* 



[0 0 2 4] *»«*77'f' < 10tt, *S»WrB 

fil^HS. fflttt. A#«t*7r-f'<ioii. 
i 3 ic-r 5 c fc -caw «**r^* < * w t #t* a. 

fc*5, *y h*7tt«j4««**ttft*0*<"C*>2. 0 

7 ^/<10li> tt*l 5 5 0 nmlC*3(t2>e^i*^* 5 
1. OdB/kmWT U «9ffSl-li0. 7dB/km 
glT) -CfcO. w«>J: ptc-Tirt-e^e^SSiro^ 

[0 0 2 5] COfceaSMUrt:. 

[0 0 2 6] ~<753te^if&ltt. S/OK (ttft 

S«1 4 50nm~1 5 3 0 nm) . C/<V K (ttS^ 
jsicl 5 3 0 nm~l 5 6 0 n m) 4fcttL^K (ttS 
1 5 7 0 n m~ 1 6 1 0 n m) ICjBtt 

fc5 0 ttft^l 530nm~1560nm 

m/km«Tffc5, tt*^«c 1 4 5 0 n m~ 1 5 6 0 
nm tC*Jtt5^<05p^tt^»W{B^2. 0 p s 

/nm/kmWTtfoi. «S« 1 4 5 0 nm 

-16 1 0 nmlC*5^5^ro^©ttS»«fcroffi^ 
4. Ops/nm/km&T («fc9#iSKtt2. Ops 
/nm/kmgT) T-fc5. 
[0 0 2 7] B2I*. *X»««C«5A»** 7 7'f 

fe*trf^=r«« (ffl«f*n». M2a) t, 
n 2 , ^2b) lOSil^f 
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2 :7 7 7 K8l«SrSl 9 ffltffS 3 * 7 v KI8« (BW* n 
<s -jfttc^-S 1 2 5 ^ m) £ «:#-r 5. 
^<0?</M18fiUi n,>H2, n 2 <n a , nj>n 4 "Cfc 

[0 0 2 8] I© i 5 41^7"° 7 7 1 5^ 

fi % Qto=TW*tSX.V16 2*77 KW*M?f-Ki 

*«r**i]i-5 r £ -e^t^ £ 5. Z<7> 10 
Hi "(N % 3 ? 7 7 KS«©ISf¥n4%I?t L-"^ 

«*©JfcJH*r*fc*A,-C*U *2*9s/K« 
[0 0 2 9] *jt*»ttK«5*a*»7 7'< v <l 0 

5„ -(73l2 2tc^i-SSf^7 ,n 7r'<^4:^^ 

t a«i. 8%giJi3. o%ty.T-c-*>^»f. #7 h*7«E 

[0 0 3 0] *JttS»fBfc«5A#Wc*7r-i'/< 
1 o<?3^6*I<C^tS0iJ^oVTBiWi"5. y.Tl-iS.^'f 

D77^f^tt5tWtfe5, «TT-li. 

Ra t«U *l#5y K«**JJ:U ! JB2^7y K«* 30 

*n*iiort«©jfc*:R b ££-r. Ra*3«t 

tfR b -tft-t'iafi. 
Ra=a/c •■(2a) 
Rb = b/c -(2b) 

[0 0 3 1] 0 311 W«0*»»*77'f'<0iSft 

ft«i:»^B-7'i;©Hfll<rW^77T*)5. w» 
H-Cf*. 1><t« = Tim«»ttJffl#f**A.S:2. 4%£ 

U 3R2 7?7 K«*OlfcJBlff*»A3«r0. 2%£L 4C 
fc. Ra=0. 20, R b = 0 . 4 8£U Ra = 0. 
20, Rb = 0. 50£U Ra=0. 20, Rb = 
0. 52£U Ra=0. 20, Rb = 0. 5 5iU 
tfcli, R a = 0 . 20, Rb = 0. 60t L/c„ -t U 
■C. «2^?y K«*»*M12 c tr*fl:S*-C, «&* l 
5 5 0 nm«C*i.t5**^*D,*JJ:t«»1R^o-7'S a 

[oo3 2] i24 nmmv>*»n*7T 4 
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u mi?y-y K«*©MsB*f**A««r-0. 5%£ 
U 12772/ KHMW>J*B3f«fcA»*0. 3%£L 
fc. R a = 0 - 20, R b = 0. 4 6tU Ra=0. 
20. Rb = 0. 50£U Ra=0. 20, Rb = 
0. 54iU H1tte. Ra=£0. 20, Rb = 0. 6 
OiLfc. * UC> 12^77 K«*©*« 2 c 
S-fr-C. Kft 1 5 5 0 nm.Cli5lt5&S^«D 2 *3 < tr/ 
#Sc7n-7*S 2 ^eiX<£>fi£2r#«>. iStOS**/ 
7 7(CU7t. 

[00 3 3] 15i, ^S£0iJc7>A^3fe7 7l'^WffiEg 
^»£^tSC^ a — 7'i:<73^**-r^77-efoS„ -tf> 

U JSl^^y K«*«5tfcJBW*aEA«*r-0. 5%£ 
U IS 2 * 7 •;/ K«Wt«>*fcJHlM«t * 0 • 2 % * u 
fc„ Ra=0. 20, Rb = 0. 4 6 i: U Ra = 0. 
2 0, Rb = 0. 50iU *fc»l Ra=0. 2 0. 
R b = 0 . 5 4tLfc. * L-C. * 2 7 7 7 K«*«>* 
g2 c ar^-fkS-tiT"C. Kft 1 5 5 0 nmlw*5C7 5ittS^ 

<D88#.«r7*7 7KLfc. 
[0 0 3 4] wib5>® 3-12 5 tWhMJltS'^* 
V'T'lEfctt:. iSft 1 5 5 0 nml-i3l1-5jSES^ftD a /!i s 
- 1 5 0 p s/nm/kmKmot, ifiS 1 5 5 0 
nmiZ&tt t to***"-* (S 
2 /D 2 ) #2. 0 X 1 0- 3 /nmJ£l±4. 7X10"/ 

(C % H 2 |C^-fS*f '^7* n 7 7 W /HC*Stt 5 * - 

9 (Ax. A 2 , A 3 . Ra. Rb, 2c) 
ICaSH-rS- £l-.fc 9 , ifiS 1 5 5 0 nmtC&ttSilSA 
^SfcD 2 ; S:, - 1 5 0 p s/nm/kmglTKtSwt 
zjs-e^r, -180ps/nm/kmWTlCt4rHf 
# , — 2 0 0 p s/n m/ k mtlTtC-f"5i - £ 

fc-Ct-So KS1 5 5 0 nmlC*3tt5i£S#1i*D 

2 £^^°-7'S 2 t<Ott: (S 2 /D 2 ) 2r> 2. 0X1 
0-VnmWi4. 7 X 1 0 ~V n mKTCt 5 - £ t 
ft. 2. 7 X 1 0- 3 /nmtiJt4. 0X10 _3 /nm 

tiTi--r5«-£ t.-c-#^„ 

[0 0 3 5] B6I4, jtlS«0 7T1*'<A~G-tiX^ll 
niiHS^lCT^Lfct^-C-fo^. 7 7-<^C~F^ia^ 

[0 0 3 6] 77^<Ait tio7SI«roil:a?r$l 

A ,i*2. 4 %-Cifo 9 « HI 1 9 7 7 K«*t7>tt««f« 
A 2 >$5-0. 5%f*!l.*2^yK9l*Olt«P 
^^3^0. 2%T-fo'?. Ra7J5 0. 20^0, Rb 
*5 0 . 5 2ffo*) > i2777Kf«©M2c^l 
5. 4Mmtfc5. :077-f^Att. 1 5 5 0 n 

mlC*5V>-C. a*$H*D.#-2 00p s/nm/km 
) ^»^o-7*S 2 *S-0. 69ps/nmVk 
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m-dhO. tfc (S 2 /D 2 ) *3. 5X 1 O'VnmtJj 
9. HSbBftESri 5 1 7 . 5um z -?&>'0. ilf§2 0m 
m<I>t?Oftffa^34 5 4 d B/mtfcO> fiSHW^O. 
52dB/kmt?feD,*yFt7Siftiil. 2 2 m m 

[00 3 7] 77'f/<Blt. ij>io7W©itB*f** 
A ,ii 2 . 4 %-Cfe 9 , 11^7? Kffi«^ttStff^^ 

^A 3 a5 0. 2%-?fc9, Ra*SO. 20tfcO. Rb 
7)50. 4 %2??v VmL<T>iM&2 e&l 10 

5. ejim-efcS. :©77^<BI1 fc*1550n 
mlC*3V>-C, KS^«D 2 7)S- I85ps/nm/km 
t?fc9 , — 7"S2« ! - 0. 4 3ps/nm 2 /k 

m-C-fcO> tfc (S 2 /D 2 ) 7JS2. 3X10-Vnmffc 
0, *a»Sa:4 5 17. ftlfS2 0m 

5 1 d B/kmrfoO. TJy h*:7i£gz>* 1- 3 0 /i m 
(0 0 3 8] cp^=>T«S«WJ±;Eff^S 

A 2 a5-0. 5%T?fo9. g2i?7yKf«©itI^ 
^A 3 a50. 3%T-*>9, RariSO. 20tfc!), Rb 
jJSO. 4 6tfe9. S2^77Kf«^S2cS51 
5. 2Mmffe5. r©77^^C(t **1 5 5 0 n 
mlC^T, iSfi^«D 2 dS- 1 8 2 p s/nm/km 
-efcOv ^tfc^o— 7Sz&-0. 39ps/nmVk 
m-C*>9, tfc (S 2 /D 2 ) ^2. lXlO-Vnmffe 
9 , H#j®r®ari 5 1 4 . 8^m 2 t'fe9, ilt'S2 0m 
m*-CCOttlfa^^0. 0 0 1 d B/m-CfcO» eiStR 
^7)50. 6 5 dB/kmt'fcO> *7 ht7iS**:i. 30 
7 0 (i m"Cfo3 0 

[0 0 3 9] 77-f^Dlt «t»if3T«*«)JtJffl*f*S6 
A ,a5 2 . 7 %T**> 9 , 81^7? K««t«>JtB*r** 
A 2 a5-0. 5%-C-fc<?x S2^77 K**»tt:«*f* 
f i,iiO. 3%T*;fc9, Rax5«0. 20t*fe5, Rb 
7)5 o . 5 0 T-fc 0 . SS 2 9 7 y KS«!©^2 2 c 7)5 1 
5. OumVhZ. :©77'f'<bli. i£ftl 5 5 0 n 
mldfe^T, ftft^«D 2 7)5- 1 8 9 p s/nm/km 
"Cfc"). ^n-7*S 2 i!-0. 58ps/nmVk 
m-CfcO. tt (S 2 /D 2 ) 7i5 3. lXlO-Vnmtfc 40 
0. H^KffEfS* 5 1 4 . 4^m 2 ffcd 1 *lt'S2 0m 
m«"C<O*»f»** s 0. 0 1 d B/mT-fc 9. 
7)50, 6 6 dB/km-C*9> iyh*78ft*l. 6 
1 n m"C£>2>, _ 
[0 0 4 0] 77-f^Ell c(i^=iTfM(0»tB«f** 
A i7)5 2 . 7 %t?fc 9 , Sl^7-; K€B*rott®tff^^ 
A 2 7)5 - 0 . 5 9 , 12^7? K**Wtt:ffl«f* 

gi 3 iiO. 3%-T?fc9, Ra 7)50. 2 0tfc0, Rb 
7)5 o . 5 4 -Cfe 9 . 12^77 K«*<0*& 2 c 7)5 1 
4. B^mffci. :J)77-f'<EI±, Kfil 5 5 0 n 50 
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mlCjo^T, StS^tfcD 2 7)5- 1 9 4 p s/nm/km 
-Cfc9. $Hft*o— •rs.tf-O. 78ps/nm 3 /k 
m-efcfj. * (S 2 /D 2 ) 7)54. OXIO-Vnmffc 
9 , *«H§f®a* s 1 4 . lMm'-Cfc 1 ^ ft(fS20m 
m <p-C'COS»fa^ 5 0. 0 6dB/mt*9, SM* 
z)S0. 6 7dB/kmffcD, 7)y^7Sfti s l. 5 
1 ii mt?S>5. 

[0 0 4 1] 7 7--f'<Fte. *.fr = T©*£<Ott:ffl$T^ 
A t 7)5 2 . 7 9 , fg 1 9 7 y K«*©itBtfr*S* 

A 2 a 5 — 0 . 5 %-Cfc 9 > % 2 * 5 y K«*Oit««f* 
SA 3 i50. 3%T-fc9. Ra 3)50. 2 0tfc9, Rb 
0 . 5 4 T?*> 9 , m 2 ^ 9 y Kffi«<7>^ 2 c 7)5 1 
4. 6ym-CS>-5. rW77-f'<Ftt, Si* 1 5 5 0 n 
mldio^-C. &*^»D 2 7)5-2 16ps/nm/km 
T-fc9, #tt*n— ^Satf-O. 6 5 ps/nmVk 
m-efo9, tfc (S 2 /D 2 ) ^3. OX 1 0- 3 /nm-C-fo 
9, Ha»fB«* s 1 5 . Sum'T-fcO, ft«fS2 0m 
mipT-rofttflS^O. 2dB/m-C-fc!)v 
0. 6 7 dB/kmffc!). * y 49 

[0 0 4 2] 7 7-f^Glt qi^.=ir«*«>J*:a*f** 
A i>45 2 . 1 %-e*> •? . JK 1 9 7 y KPiSfcOtfcJgtfr^S 
A 2 7)5-0. 5%-C*9.*2^5yKWOK«ff* 
ii 3 iS 0 . 2%t?fo9, Ra7)50. 2 0tfe!), Rb 
7)50. 5O-e*0,S2^77KS8©^2ci!l 
7. O^m-CfcS. C077^'<G«, &* 1 5 5 0 n 
mlC^T, SES^D 2 A5- 2 0 6 p s/nm/km 
X'h*). #«fc*ei-7*S„as-0. 68ps/nm 2 /k 
mffcO, tfc (S 2 /D 2 ) 7)53. 3X10-'/nmffe 
9, HaKB9* s 2 1. 3ym 2 -Cfe'3. ftlf@2 0m 
m <pT-OftJf»^ 5 9. 7dB/mffc!5. 
0. 4 9dB/km?fcD. J»?h*7***l. 37 

[0 0 4 3] W±W*JS^J<^7 7"l'^ A ~ G;ErtV ' ;£fiX 
li, mtlh* !SSl 5 5 0 nmlCt5^T, i£ft#f&D 2 
- 1 8 0 p s / n m/ k m«K'fc 9 , i£S»»D 2 
t»^^o-7-S 2 i:<73tfc (S 2 /D 2 ) a52. 0X10 
-3/ n mKl4. 7X10-VnmElTt*^ 
ESa* 1 2 At m 2 W± 2 5 ji m a *iK-C*> 9 , eaSftfte* 4 
0. 7dB/km«7T?feO, #yl>*7ftft*l. 0 

„mtJLh2. o^ams. ^t- 7 r 4 

0-F-tn-e*Xli, SEft^SfcD 2 a5- 2 0 0 p s/nm/ 
kmWTtfcS. 77-f^A, D. E*S«t 

tfFthfhtt. tt (S 2 /D 2 ) a5 2. 7X10" 3 /n 
mW±4. OX10-Vnm«K-fc5. 
7 KliWtWJtHln 1 ** A 3 a5 0 . 3 %T*fo 577-f'< 
D-F^n^'ixJi. VcmVi^b=W- 2%t-W7 
r^^AJsiVB ttfcgfU-C, S?5!)»Tffi?S* 5 ')^ < • 2 
Omm*ft»f**a«/bS<. *yW7S*^. 
[0 0 4 4] 0714, ^{B]<7)7TW^A*5«tU : B-tiX 



; 
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«t # b •etietiifflk ^3te^K«>«ft»is^*^ 

5„ Hl2f±, ms««07rW^GSrfflv^fc3fefiiSK«> 

[0045] H 1 0 ~H 1 3 *r*ve*UCfcV^ Jtff « 
»fe**i-6-*»JE«'**7r>f^tt, «*1 5 5 0 
nmlCfcVMT. K«^»* s + 1 7 p s/nm/km-Cfc 
*3» #tfc*n — 7*ii+0. 0 5 7 p s/nm 2 /km-e 
fcO, ft**58 Okmffc5. Hi 3(c*Lfc}f 

[0 0 4 6] 7rW^At:*tf*<5aS»"CI** 77^'^ 20 
AOft£ri*7. 4kmt'S)!3, i$f 1 5 5 0 nmlCfclt 
5ff ASt^M. 8dBtfc9. KSS^l 5 3 0 nm 
~ 1 5 6 0 n mlCjo«t5K*^-«.<7><l^ 5 0 . 3 5 p s 
/nm/kmtfcl 1 450nm~1560 

nmlCJ3(t5teS^«C^fi^ 5 0. 94ps/nm/k 
m-C-fcO, &ft#«l 450nm~1610 nmK*3l7 
5i65^tfc^<SS* 5 1 . 62ps/nm/kmfi5. 
[0 0 4 7] 7r-*'<B£-£tr3fcei£S&-?rt\ 77^'< 
B£>ft£fl s 7. 6kmtfc9, tftl 5 5 0 nmlC^lt 
£>*f Aft*** 4 . 9dB-Ci»9, fiftff«1 5 30 nm 
~1 5 6 0nmK:fcJ7 5i£*#tfc^iB^ 5 0. 3 2 ps 
/nm/knre*>»K 1 450nm~1560 

nm«C*5(7 6iSft^Sfc^<B^ 5 0. 8 0 ps/nm/k 
m-C«)9. Kft^«cl 4 5 Onm~l 6 1 0 nmlC*5tt 
5R£#«0>aUSa s 3. 18ps/nm/km1?J)5. 
[0 0 4 8] 7T-f'<C*'£tr*fiH8*'ef*, 77^^ 
CWSS7J5 7. Bkm-CfcO, jjiSl 5 5 0 nmi:*ilt 
5}? AW** 5 5. 9dBT!*>9. »ftf*1 5 3 0 nm 
~1 5 6 0 nmlClait-5&*^^{iSA 5 0. 49 ps 
/nm/km-C-ifc!K i£ftS*£ 1 450nm~1560 
nmlC*5l7 5ffig^S5:W<B^ s 1 • 51ps/nm/k 
mT'fc 9 „ «E*^«c 1450ntn~1610n m(C*S{7 
5ftfi^<7>{lSA 5 3. 6 4 ps/nm/kmt'fc5. 
[0 0 4 9] 7 r ^'<D£^tf:fc£i2l8ST-|±. 77^^ 
DWg£#7. 5kmT-fc9, Sfil 5 5 0 nmlC*Jlt 
oi?A«£A 5 6. 0 d B"C*>9. **«f*l 5 3 0 n m 
~1 5 6 0 nml£*JI*Stf*$TlR0>ffl*a J O. 04 ps 
/nm/kinT?fc!l, 1 450nm~l560 

nmlC*5lt5aft»*«>ffl*^0. 44ps/nm/k 
m-Cfc 9 , 1450nm~1610n mlCtilt 
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5tt«#tt*>«SfcS*l. 7 2ps/nm/km-Cfc5. 
[0 0 5 0] 7rW^E«r*tf3te3aS»^»4. 77^'< 
E ©f^j!7. 4 kmffc9, StSl 5 5 0 nmlC*5«t 
5ffA*^ s 6. 0dBT?fe9 4 &fif«l 530nm 
~ 1 5 5 0 n m 

/nm/kmtfc!)> StS^Sc 1 4 5 0 nm~l 5 6 0 
nmlCfcltSfciHHI&DflHStfO. 8 8ps/nm/k 
m-C-fct), &S^«1 4 5 0 nm~l 6 1 OnmCfclT 
Z&.&ftUk'DM&fc 1 • 02ps/nm/kmt-fc5. 
[0 0 5 1] 7r^'<F«r^tP5te^SS-C-{i, 7 7-f'< 
F<OS$25 J 6. 6kmtfo9, ftfil 5 5 0 nmlC^lt 
•5 If A*^* J 5 . 4 d B T-fc 9 . i£4?lr^ 1 5 3 0 n m 
~1 5 6 0 nmiClS\7Z&& / xrm<VUm i 0. lOps 
/nni/kmti)D, 1 4 5 0 n m~ 1 5 6 0 

nmKfc»75«fi#»<Z><Bga*0. 4 1ps/nm/k 
mtfcD, aSSflfScl 4 5 0 nm~l 6 1 0 nm^C:}ol7 
.5^£*#«:<7^<^IS;4S 2 . 10ps/nm/kmtfc5. 
[0 0 5 2] 77-f /<G4r*tf*6n»Kt?«4» 77-f'< 
G ©ft 5**7. 0 kniT-fot), ftfil 5 5 0 nmlciott 
5JfA«ife« s 4. 4dBT?fc9. SEftff«l 5 3 O nm 
~1 5 6 0 nmfc*»T-3tt*4HR»M* $ 0. 43ps 
/nm/kmT-fcO. fcftHf* 1 4 5 0 n m~ 1 5 6 0 
nmC*»t5**»««>*» ! l- 8 8ps/nm/k 
m-C-fc 1 ?, Sift#*£l 4 5 0 nm~l 6 1 OnmlCftlt 
*j£ft#1ft0>ffiga s 3 . 13p5/nm/kmfJ>5. 
[0 0 5 3] Uii±©|tlt«©7r-f^<A~G-tix^n*r 
^trfte3§SS«*> i£ft«S£ I530nm~1560nm 

m/kmKiT-Cfo 1 ?. S5S«1 4 5 0nm~1560 

/nm/km«K-i.9 > *fc. giftf S 1 4 5 0 n m 
-16 10 nm»Cfetta^*<& s P*^fc*#IK ,0lH ** S 
4. Ops/nm/kmElTl?fc5. **S««>7 

7^/<a. DisiVE-tnwsr^tp^easKtt. 

f«1 4 5 0 nm~161 0 n mlCJ3»*6**©W«> 
jgg^ftroffl^s 2 . Ops/nm/kmWTtfe5. 
[0 0 5 4] 

t 77^<i^snfi5 3teai!SJw*iv > 

rotfc (S/D) #2. 0 X 1 0 -3 /nmW±4. 7X1 

as 6 o %~ 1 4 0 %m*tcft 0 , <fc 9 . Tte^ss 
50 «**«ftHf*K 



(9) 

IS 

(**«- 

*s i 2 it m 2 a±x-fcnii, t>» t raaaeei-fc 

MdHBSixS. »»»iB«!i* 2 5 n m 2 *^ (J:9»S 
(c«i2 0/xm 2 ^}i) -e*>*vrf, *»ot>0>a«*tfae>*t 

[00 5 5] tfc (S/D) #2. 7X10"Vn 10 

mgU:4. OXlO-'/nmElT-CfeS^ft. 
^ D 8 0 %~ 1 2 0 %U£ IC 4 0 , w 

-7*^-ea«73J6»ffi«r*«-HIC/]^ < i" 5 C t AST* 

«^*«wK*rt 

h*7tt*4«l. 0/xmW±2. O/nnftTtfcSat 
t -,i % r <f '«D«tf*5fe«r* 4 < * - fc * s 

-C#5. ftftl 5 5 0 nm^*5«-t^eaiaife* s 

1. OdB/kmJJlT U9#»wttO. 7dB/km 20 

[0 0 5 6] **^td^53teaiS5«*» &* 1 5 5 0 n 
mlZ&\,^X&L&'ftf&& + 1 5 p s/nm/km»l+2 
lp S /nm/km&Ttfc^^o-^ ! +0. 0 
5ps/nmVkmEl±+0. 0 7 p s / n mV k m 

#Scft7 7^'<£a s «^£*vtftS. -»#fc>5B'*« 
r "f '<«rffl^"C IE#§fc3fc7 r -< /<coi£ft#SfeS:ffira-r5 
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[HI] *HlS*«8lc«5*eiSK»«BMMKH-e«> 
[@2] ^M^ttK^SA^tt*^*'^***^ 

n 7 r -f ^5r^i"l2t?fo 5 „ 

[0 3] jm««>A4M**7 7 -f 
a— 7" t <OSS-WSr^i"^7 7tfe5, 

[14] ^«©*#tt*7 7 
a — 7* t W HAS**-* - ^ 7 7 1? S> 5. 

[HI 5] *««©*5Mft*7 7 
o — 7" t CO BS& S: * ■*" 7 7 7 X* £> 5 . 

[0 6] JEKWa^W^A^G^Jh^itWlfTC*** 

fc0*T?*>5. 
[0 7] ||JS0iJco7 7-1'^A*3j:O J B^n-5:noigft^- 

[08] ^0i)co7r-i'^C~F^nmcoffi*^«# 

tt^t/77tfc5. 
[09] mS0>ICO7 7 -i ^<Q<O^L9z^W^' l &^ 7 ^'77 

7"Cfc5. 

[010] H^C07 7^'<A*3£TJ*B^4x ; eix£ffi^ 
[011] ||JS^jC077-<^C~F-t-4x-e^*fflV ,> fc3t 

[012] «M(©77-f'<G*fliV*fc*ffMM>** 
^ii^*t^7 7tfe5. 
[013] |?;&#JCD7T^'<A~G^;h^£*ft£:fflV^c:7fc 

[014] «*©*»«*77'f'<©BDf*7 , B77'r 

/uSr^H"0"Cfc5. 
[015] ae*0*»1»*7T-f''<fc]E»1»*7 7W , '< 

»W14«r^i"0t?*>5. 

l-*Mlt» 10-*»**7T'f' < . 2 0 
%77^"^ 

■ ] 
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MS 



mi 



[02] 



2a 



(10) 



n3 
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2b 



2c 
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m 

37 
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112 


r\2 




ru 




an 




XI 






2b 







A1 



A2 



[12 3] 



i 

I 

a 

K 

45 



-0.2 



-0.4 



-0.6 



-0.8 




-240 



-200 



-160 ™ -120 -80 
Sfcftttft [ps/nm/kmj 



[14] 




-240 



-200 



-160 -120 -80 

[ps/nm/km] 
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[E9 5] 




-1 

-240 



-200 



-120 -60 
«*#»[ps/nm/1on] 



[06] 





77<A* A 


77</TB 


mice 


77<A*D 


77<n*E 




7M/TG 


A. 


(%) 


2.4 


2.4 


2.7 


2.7 


2.7 


2.7 


2.1 


Ai 


(*) 


-0.5 


-0.5 


-0.5 


-0.5 


-0.5 


-0.5 


-0.5 


A» 


(%) 


0.2 i 


0.2 


0.3 


0.3 


0.3 


0.3 


0.2 


Ra 


0.20 


0.20 


0.20 


0.20 


0.20 


0.20 


0.20 


Rb 


0.52 


0.48 


0.46 


0.50 


0.54 


0.54 


0.50 


2c 


(Mm) 


15.4 


15.6 


16.2 


16.0 


14.S 


14.6 


17.0 




(ps/raiAn) 


-200 


-185 


-182 


-189 


-194 


-218 


-206 




(pa/r*7lai) 


-0,69 


-0.43 


-0.39 


-0.58 


-0.78 


-0.66 


-0.68 


S»/Di 


(/rw> 


3. 5x10" * 


2.3x10" 


2.1x10"' 


3.1x10"* 


4.0x10"' 


3.0x10"* 


3.3x10'* 






1T.5 


17.7 


14.8 


14.4 


14.1 


15.5 


21.3 


2 0mmO&tftJUfc W«0 


4 


1 


0.001 


0.01 


0.06 


0.2 


9.7 






0.52 


0.51 


0.65 


0.66 


0.67 


0.67 


0.49 




Un) 


1.22 


1.30 


1.70 


1.61 


1.51 


1.49 


| 1.37 



[013] 





?7<A'A 


7MA"8 


77<A*C 


THA'D 


JffA'E 




?7<A - G 


&«-7r-f/tft (Vi) 
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